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THE PROBABILITY OF DEVELOPING CERTAIN CARDIOVASCULAR DISEASES 
Pi aGhil  VsAns AT SPECTELED VALUES OF SOME CHARACTERISTICS: 
FRAMINGHAM STUDY, 18-YEAR FOLLOWUP. 

In this report the incidence of five major cardiovascu- 
lar outcomes iS considered in relation to certain personal 
ieeEEvluTes) Measured before the event. The outcomes dre: 
coronary heart disease, atherothrombotic brain infarction, 
intermittent claudication, hypertensive heart failure and 
Cardiovascular disease. The characteristics related to 
these outcomes are: systolic blood pressure, serum 
cholesterol, cigarette smoking, glucose intolerance and 
electrocardiographic evidence of left ventricular hyper- 
trophy (LVH). The length of followup considered is eight 
years. 

The population at risk is different from any previously 
considered in Framingham reports. It includes only persons 
free of coronary heart disease, intermittent claudication, 
congestive heart failure, cerebrovascular disease or rheu- 
matic heart disease at the beginning of each eight-year 
followup. 

The report consists of a series of tables in a uniforn 
format. For each disease outcome there are a set of age- 


sex-specific tables which may be referred to for estimates 
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of the probability of the specified event occurring for spe- 
cified combinations of the risk variables considered. The 
probabilities are estimated by sex-specific multiple 
logistic functions. Estimates of these functions and cer- 
tain analytic statistics are given aS appendix material 
(Appendix 1). In addition, there are tables giving the 
number of persons at risk in each specific age-sex group 
(Appendix 2). 

Similiar probability tables appear in Section 27 of this 
monograph, but only for the event CHD. Tables for the other 
endpoints have not previously been published. The CHD tables 
for the 8-year follow-up in Section 27 differ from those pre- 
sented here in two respects: the population at risk had fewer 
exclusions and the baseline examinations used (and hence the set 
of CHD cases included) were different. The two sets of tables 
(and the multiple logistic estimates on which they are based) 
may be compared to judge the impact of sampling variability on 
such estimates. 

PURPOSES AND CAUTIONS 

While there is a small amount of analytic content in the 
appendix where estimates of the logistic functions are pro- 
vided, the primary purpose of this report is to give esti- 
mates of the probability that persons with specified combi- 
nations of characteristics will develop the cardiovascular 


disease under consideration. IncreaSing interest in clini- 
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cal trials to measure the efficacy of proposed intervention 
on risk factors and in cardiovascular prophylaxis make such 
tables of current interest. They provide a rational basis 
for selecting persons at high risk of major cardiovascular 
diseases. They also furnish estimates of incidence which 
are useful for planning clinical trials or intervention 
programs. 

In uSing this material it is advisable to keep several 
Cautions in mind. The most important of these is the fact 
that measurements both of risk characteristics and end- 
points vary markedly from one investigator to another. 

For example, different cholesterol methods or the same 
method used by different laboratories may yield quite dif- 
ferent values for the same blood specimen. We have indi- 
cated the methods used in the Framingham Study. Persons 
uSing these tables must assess their own measurements for 
comparability. Similarly we have defined the criteria used 
for the various cardiovascular endpoints, but differences 
in diagnostic practices are often quite large. Besides the 
itemized criteria, the only diagnostic guidance we can give 
is that only definite evidence of the events is considered. 


If equivocal or questionable evidence is also to be included 


_ u ~ 
the indicated probabilities would be much larger. 

Perhaps next in importance is the fact that the data 
given in this report refer to a general population. Hence 
the probabilities given are most pertinent for population 
screening or for persons appearing for routine medical 
workups and do not necessarily apply to persons appearing 
in a specialist's office on referral for specific complaints. 

Three other cautions should be considered. The first is 
that the town of Framingham is not the United States, much 
less the entire world. On the other hand, comparison with 
other studies in this country have tended to corroborate the 
Framingham findings. The second is that the size of the 
sample is such that all the estimates given have large 
Sampling errors attached to them. The third is the 
fact that formally all the statistics given constitute a 
gcaduation or smoothing of the data and are not, strictly 
speaking, prediction eguations. On the other hand, these 
statistics have been investigated for their predictive 
ability and there is no question that they have predictive 
value. 

BACKGROUND 
Since 1948 the Framingham Study has followed a sample of 


adult residents in the town of Framingham, Massachusetts. 
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This has been done in two ways. The first has been a rou- 
tine standardized clinic examination repeated at two-year 
intervals. By this means a wide variety of information has 
been collected about the characteristics of people in the 
Study cohort both before and after the development of car- 
diovascular disease, as well as a standardized clinical 
evaluation of changes in their cardiovascular status. In 
addition, information about death and the development and 
course of disease has been obtained from a number of sources 
outside the clinic. 

The design and execution of the Study are described in 
Sections 1 and 2 of this monograph Series. For some 
Characteristics determined at examination, mean values are 
given for the first seven examinations in Section 3 and 4 
and bivariate correlations are given for the second exami- 
Nation in Section 5. The incidence of various events is 
given in Sections 6, 7, and 8, based on the 14-year follow- 
up. 

The major concern of the Framingham Study has been to 
evaluate the relationship of characteristics determined in 


persons free of disease to the subsequent development of 
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disease. This is done ina systematic fashion in Sections 
9 through 22 of this monograph series, using the 14-year 
followup. Some multivariate discriminant analysis of this 
followup is available in Section 23. The same general 
material is included in Sections 26 and 27, but updated to 
the 16-year followup and condensed to include only what 
seems to us the essential material. 

CRITERIA FOR EVENTS 


1. Coronary heart disease 

A subject in the Study was diagnosed as having developed 
coronary heart disease (CHD) if upon review of the case a 
panel of investigators agreed on a definite manifestation of 
CHD: myocardial infarction, coronary insufficiency, angina 
pectoris, sudden death from CHD, nonsudden death from CHD. 
Persons with pre-existing CHD at Exam 1 were excluded fron 
the population at risk of developing CHD. Pre-existing CHD 
at Exam 1 was identified by any one of the following diag- 
noses at Exam 1: definite angina pectoris, definite history 
of myocardial infarction, definite myocardial infarction by 
electrocardiogram, doubtful myocardial infarction by elec- 
trocardiogram, definite coronary insufficiency by electro- 
cardiogram or history. 


The various manifestations of CHD incidence are these: 


nyocardial infarction 


Recent or acute myocardial infarction (MI) was designated 
when there were serial changes in the electrocardiograms 
indicating the evolution of an infarction, including: S-T 
segment elevation in the electrocardiographic tracing (ECG) 
associated with later inversion of T waves and the loss of 
initial QRS potentials (that is, development of "pathologic" 
Q waves of 0.04 second duration or greater), followed by 
serial changes indicating reversion towards normal. 

be present when the ECG showed a stable pattern including 

a pathologic Q wave of 0.04 second or greater or loss of 
initial QRS potential (R wave) in those leads in which 

this would not be expected to occur. Also, an interim MI 
waS indicated when changes from a previous tracing showed 
development of loss of R-wave potential or appearance of 
pathologic Q waves not otherwise explained. More weight 

Was given to this finding if a T-wave abnormality was 

was also associated. 

Beginning in Exam 4, a hospital report for a subject 
Showing a rise in the serum glutamic oxalacetic transaminase 
to aa levelsyofvat least. 60 unats along wath a history. of 
prolonged ischemic chest pain was accepted as evidence of 


myocardial infarction. Subsequently, in 1962, pathologic 
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elevation of another enzyme was included: lactic dehydro- 
genase greater than 500 units. At a later date SGOT was 
abnormal at 50 and LDH at 200. 

An autopsy report Showing an acute, new, or recent 
infarction of the myocardium was accepted as evidence of 
MI. “Because Tt 2s not possiblentio date an old Mi found won 
autopsy, such evidence was not included in the clinical 


diagnosis. 


The coronary insufficiency syndrome was designated when 
a history of prolonged ischemic chest pain was accompanied 
by transient ischemic S-T segment and T-wave abnormality in 
the electrocardiographic tracing but not accompanied by 
development of Q-wave abnormality or by serum enzyme changes 
Characteristic of muscle necrosis. 

Brief recurrent chest discomfort of up to 15 minutes 
duration, precipitated by exertion or emotion ana relieved 
by rest or by nitroglycerine, was regarded as angina pecto- 
Cis (AP) if two physicians interviewing tne subject agreed 
that this condition was definitely present. This diagno- 
Sis was based on evaluation of a Subjective manifestation; 
abnormality in the electrocardiographic tracing was not 


taken into account. 


Sudden death from CHD 

If a subject, apparently well, was observed to have died 
within a few minutes (operationally documented as under one 
hour) from onset of symptoms and if the cause of death could 
not reasonably be attributed on the basis of the full clini- 
cal information to some potentially lethal disease other 
than coronary heart disease, this was called sudden death 
and was attributed to coronary heart disease, 
Nonsudden death from CHD 

If the terminal episode lasted longer than one hour, if 
the available information implied that the cause of death 
was probably CHD, and if no other cause could be ascribed, 
this was called nonsudden death from CHD. In making this 
diagnosis the review panel used clinical information other 
than that concerning the final illness. 
2. Intermittent claudication 

Minimum criteria for the entirely subjective diagnosis 
of intermittent claudication consisted of a cramping dis- 
comfort in the calf clearly provoked by walking but not 
present on taking the first few steps, with the pain 
appearing sooner when walking quickly or uphill and being 
relieved within a few minutes by rest. Interviews for 
symptoms of claudication were conducted by the physician 
uSing structured forms for uniformity of the assessment. 


In addition, a panel of investigators reviewed all cases 


Suspected of claudication to confirm the diagnosis. 
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3. Atherothrombotic brain infarction 

Specifically, thrombotic brain infarction was defined as 
the sudden onset of a localizing neurologic deficit (for 
example, aphasia, homonymous hemianopia, a central type of 
facial weakness, hemiparesis) documented by a phySician, 
lasting longer than 24 hours, in the absence of: 1) known 
source of embolism (atrial fibrillation, rheumatic heart 
disease with mitral stenosis, myocardial infarction within 
preceding Six months, bacterial endocardi.tis)j,-2) paneea. 
Cranial hemorrhage (intracerebral, subarachnoid), 3) known 
hypercoagulable states (for example, erythemia), 4) other 
disease processes causing ftocal brain deficits (brain tumor, 
subdural hematoma, hypoglycemia). All stroke data were 
evaluated by a neurologist. 
4. Hypertensive heart failure 

Hypertensive heart failure is congestive heart failure 
in the absence of a definite diagnosis of some specific 
heart disease, in particular in the absence of rheumatic or 
coronary heart disease. With a couple of exceptions, which 
presumably reflect undiagnosed heart disease, all these 
cases are preceded by the appearance of definite hyper- 


tension. 


A definite diagnosis of CHF required a minimum of two 
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Major OL One major and two minor criteria, the criteria 
existing concurrently. The existence of other conditions 


was considered in evaluating the findings. 


1) Paroxysmal nocturnal dyspnea. 

2) Distended neck veins (in other than the supine 
Postel ono. 

3) Rales 

4) Increasing heart size by X-ray. 

5) Acute pulmonary edema described in hospital record. 

6) Ventricular S3 gallop. 

7) Increased venous pressure (greater than 16 cm H» 0 
Paotmrrght atrium) < 

8) Circulation time (greater than 24 seconds, arm to 

tongue). 
9) Hepatojugular reflux. 
10) Pulmonary edema, visceral congestion, cardiomegaly 


shown on autopsy. 


Minor criteria: 


1) Bilateral ankle edema. 

2) Night cough. 

3) Dyspnea on ordinary exertion. 

4) Hepatomegaly. 

5) Pleural effusion. 

6) Decrease in vital capacity by one-third maximun 
~recorded. 

7) Tachycardia (120 beats per minute or more). 


Weight loss (ten pounds or more in five days) while on 
therapy for CHF. 
5. Cardiovascular disease 


Cardiovascular disease is considered to have developed 
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if there is a definite manifestation of coronary heart 
disease, intermittent claudication, congestive heart failure, 
or cerebrovascular accident in the absence of a previous 
manifestation of any of these diseases or rheumatic heart 
disease. Criteria for all these events have been given 
except for non-thrombotic stroke. A person having more 
than one cardiovascular manifestation within the followup 
period is counted as a case only at the time of the first 
event. 

The diagnosis of overt vascular disease of the brain 
was based on the occurrence of stroke. Minimal criteria 
a localizing neurologic deficit (such as hemiparesis, aphasia, 
homonymous hemianopia); for stroke due to intracranial 


hemorrhage, a change in the state of consciousness, head- 
ache, and signs of meningeal irritation in association with 
a bloody spinal fluid under increased pressure whether with 
or without other localizing neurological deficits. A diag- 
nosis of embolus to the brain was made if a source for 
embolus (that is, atrial fibrillation, rheumatic heart 
disease with mitral stenosis, recent myocardial infarction, 
bacterial endocarditis) was present, the clinical course 


consistent (that is, rapid onset and clearing, slightly 


bloody spinal fluid, a more localized deficit), or the 
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occurrence of associated peripheral emboli elsewhere 
noted. A consultant neurologist and the clinical staff 
of the Study reviewed hospital and clinic protocols. 
Starting after Exam 8 they have examined patients in the 


hospital with stroke. 


DESGREPTION OF CHARACTERESTICS 


¢ 


Systolic and diastolic readings in the left arm of the 
subject were taken with a mercurial sphygmomanometer and a 
14-cm cuff long enough to fit the most obese arm. The 
recommendations of American and British Heart Associations 
were followed for reading the pressure (see Standardization 
of Blood Pressure Readings, American Heart Journal, July 
(Iso 95) <. Lalpatory method was used to check auscul— 
tatory systolic readings. Measurement was expressed in 
millimeters of mercury on the scale of the manometer, but 
because the original protocol had not specified the accuracy 
of the measurement to be employed most readings were made to 
the nearest even number, to the nearest multiple of 10, or 
the nearest multiple of five depending upon the individual 
examiner, until Exam 5. 

At the beginning of the Study two readings were taken on 
each subject: 1) admission blood pressure taken by the 


nurse when the subject was seated with his left arm at 


=< GhN se 
at heart level, and 2) final blood pressure taken by the 
examining phySician. 

Beginning in April 1950 three readings were taken on 
each subject: 1) admission blood pressure taken by the 
nurse, 2) blood pressure taken by the examining physician 
at the start of his interview, 3) and another blood 
pressure taken at the end of the interview after drawing 
blood. All of these pressures were taken on the left arm 
with the subject seated and the arm at heart level. In 
coding blood pressure at Exam 1 for subjects through 
Record Number 2938, the admission blood pressure is shown 
as reading by the first examiner and the final blood pres- 
sure 1S shown as reading by the second examiner, thus 
Showing as unknown the reading taken by the nurse. 

Minor changes in procedure have occurred from one exam 
to the next. On Exam 4 the blood pressure taken by the 
hurse was not recorded. A second blood pressure reading by 
the same examining physician has been substituted for a 
reading by a second examiner when a second observer was not 
present ~ 
2. Serum cholesterol (mg/100m1) 

At the beginning of the Study, serum cholesterol con- 


centrations were determined by the colorimetric method of 
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Sperry (Schoenheimer and Sperry: J. Biol. Chem. 106, 745, 
1934. Sperry: Am. J. Clin. Path. & Tech. Supplement 2, 
Sieemiosoe = On December 12, 1952 after the start, of Exam, 2, 
the method of Abell-Kendall was adopted (Abell, L.L., Levy, 
Bee eeEIGOGdH eo. Ba Be... andy Kendall, F:E., J.) Biol. Chem 195, 
Sg obo, A952) -. 
3. Left ventricular hypertrophy by electrocardiogran 

Electrocardiograms were taken at each exam with a Sanborn 
Visocardiette. The subject was in the recumbent position. 
Thirteen ieads were used, three standard, three augmented 
unipolar limb leads, and seven precordial leads of Wilsor. 
See description of technigue, pages 31 to 44, Katz, Electro- 


= SS SS 


Cardiography, Lee and Febiger, Philadelphia, 1947. 


Basically the criteria for definite and strongly sugges- 
tive evidence of myocardial disease were those listed on. 
pages 194 and 195 of Burch and Winsor, Primer of Electro- 


== = = = SS 


cardiography, Ed. 1, Lea and Febiger, Philadelphia, 1945. 
Left ventricular hypertrophy consisted of a tracing 
exhibiting a slight prolongation of "ventricular activation 


time" (at least 0.05 second on the left) associated with 
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an increased R-wave potential, depressed S-T segments and 
flattened to inverted T waves reflecting potentials from 
left precordial leads. 

A category of possible left ventricular hypertrophy was 
designated when tracings exhibited characteristics similar 
to those above except in less striking degree or when not 
all were present. Increased R-wave potential without asso- 
Ciated S-T and T-wave abnormality was included in this cate- 
gory. In this report, possible LVH is included with no LVH, 
under the heading LVH-ECG negative. 

4. Glucose intolerance 

A subject was said to demonstrate glucose intolerance at 
examination if any one of the following conditions obtained: 

a) A diagnosis of diabetes mellitus at that examina- 
tion or any preceding examination; 

b) A determination of glucose in the urine sample, 
either definite or trace by Clinitest, at that examination; 

e) A measurement of the amount of glucose present in 
a casual specimen of whole blood equal to 120 milligrams or 
more per 100 milliliters at that examination (Somogyi- 
Nelson). 

5. Cigarette smoking 


Histories of cigarette smoking were obtained on Exams 
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1, 4, 5, 7, 8, 9 and 10. On the initial examinations there 
was no fixed rule for deciding whether a person was an ex- 
Cigarette smoker, but persons who had only recently stopped 
were always considered still smoking. On later examinations 
anyone smoking cigarettes within a year was considered a 
current smoker. 
ESTIMATION 

The tables included in this report are based on data 
from 18-years of followup. The cohort was defined on two 
examinations--Examinations 2 and 6--and persons free of 
any specified cardiovascular disease at either Exam were 
followed for 8 years--to Exams 6 and 10, respectively--for 
the development of the specified cardiovascular event. At 
each baseline, persons were asSigned the age and other 
characteristics which they had at that time. Where some 
information was missing, it was supplied from the nearest 
earlier examination on which it was available. Since 
followup was deemed to be complete, even in the absence of 
a clinic re-examination, for all events except intermittent 
claudication, it was not necessary that a person re-appear 
for examination to be included in the followup. Some persons 
appear at risk twice, at Exams 2 and 6, but, of course, can 
provide only one event of a given type. If a person 
develops two cardiovascular diseases only the first event 


is counted in the table on cardiovascular disease. 
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Graduation or smoothing was accompanied by use of a mul- 
tiple logistic function. The parameters for this function 
were estimated by the method of Walker-Duncan. The function 
itself took the following forn: 

p(X) =1/ (1+exp- (atbx) ) 
where the X(i) are the variables of interest, specifically: 

X(1)= age (in years) 

X(2)= age X age 

X(3)= serum cholesterol (in mg%) 

X(4)= systolic blood pressure (in mm Hg) 

X(5)= cigarette smoking (yes = 1, no = 0) 

X(6)= LVH-ECG (definite = 1, possible or negative = 0) 

X(7)= glucose intolerance (yes = 1, no = 0) 

X(8)=cholesterol X age 
and the b(i) are the corresponding parameters, with a being 
the intercept. p(X) is the conditional probability of the 
event given specific values for the X(i).~ 

It will be noted that with two exceptions the terms 
entered are linear. The two exceptions are age, where a 
quadratic term is included to improve the fit of incidence 
by age, and cholesterol and age, where a cross-product term 
is included to allow for those cases where the coefficient 


assigned to cholesterol seems to decrease with age. 


- 19 - 

In most cases, the cross-product term works fairly well 
in fitting the data, but in two instances it does not seen 
to be completely satisfactory. One is CHF, where serum 
cholesterol has no discernible relationship to the event 
and the introduction of the cross-product with age appears 
to misrepresent the data. The other is in the case of ABI 
where the cross-product term makes the coefficient for serum 
cholesterol negative at older ages. Again this appears to 
misrepresent the data. In the first instance, the problen 
was solved by omitting the cross-product from the function. 
In the second instance, the coefficient assigned to serum 
cholesterol was set at zero at those ages where it became 
negative. (In this context the coefficient for serum cho- 
lesterol is b(3) + b(8)X(1).) We have left one set of data as 
estimated, even though the results are not plausible. This 
is the tabled results for CHD in women which suggest that 
women smoking cigarettes have a slightly lower risk than 
women not smoking. We think this is probably incorrect but 
it seems to accord with the sample data. Here, as in some 
other cases, the coefficient is indistinguishable fron 
ZELOs si veepels notystatistically significant3;.. but, for 
purposes of graduating the data this is not an especially 
important concern. 


The estimated probabilities derive from a fairly complex 
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set of assumptions regarding the functional relations being 
estimated. Where there is sufficient data to investigate 
the appropriateness of our graduation, we have done so and 
feel fairly comfortable with the results. But a simple 
inspection of the counts provided in Appendix 2 indicate 
that for many sections of the probability tables, there is 
no possibility of testing the estimates given. The esti- 
mates are presumably reasonable if the model assumptions 
are reasonable, but there is no possibility within the 
data themselves of direct verification. 
HOW TO _USE THE TABLES 

For illustrative purposes consider a man 35 years old, 
free of heart disease (coronary or rheumatic), stroke, con- 
gestive heart failure or intermittent claudication. If his 
cholesterol is 235, his blood pressure is 165, he smokes 
Cigarettes, but does not have definite LVH-ECG or glucose 
intolerance, then, according to table 1 he has a probability 
of 35 per 1,000 of developing CHD in 8 years. This compares 
With a probability of 16/1,000 for an average man of the 
same age, given at the foot of the table. 

In general, of course, people will not have exactly the 
tabled characteristics. For example, if a man is 36 years 


Olid there 15 no specafic table for him. 2h hts ebloodspses= 


= oy = 
sure is 160, there are no tabled values at this level. 

The best procedure is to find the tabled value closest to 
the one sought and use that as a guide. In the case cited, 
use the table for age 35 and look up the probability at a 
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With respect to the event "hypertensive heart failure" several 
points should be kept in mind. All the tables refer to a population 
of persons without any of the following diseases: cerebrovascular 
accidents, congestive heart failure, rheumatic heart disease, coro- 
nary heart disease or intermittent claudication. All heart failure 
which follows coronary (as well as rheumatic) heart disease is 
excluded from these tables. If coronary heart disease occurs the 
odds of heart failure become, on the average, roughly 10 times that 
indicated in the tables and there is some suggestion that the 
important prognostic factors change, particularly for men. Thus , 

a table for the risk of congestive heart failure with or without 
coronary heart disease would look quaiitatively and quantitatively 
different from the table presented here for hypertensive heart 
failure. Since the onset of coronary heart disease is ordinarily 

a discrete, well-defined occurrence, with recognized problems of 

both immediate and longterm clinical management, it seemed more appro- 
priate to restrict these longterm 8-year probability tables to hyper- 
tensive heart failure, which has a more clandestine and insidious 


course and might be more difficult to anticipate on clinical grounds. 
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MULTIPLE LOGISTIC PARAMETERS 
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